
AAS 93-150

A STRATEGY 10 ROTA1-& 11][ MARS CIL3SIRV[R ORKI1 NOD[ IIN[
T<) ADVANCE IH[ MAPPING SCIIE Dlil[

Hcmry J. F’ernickct’, Ttmcdore  ii, $wcdscv”{, RcIipiI Il. Roncoii{

1 t-w Mcm Okxc:rver  (MO) sfx~c:ec:rc~fl  Wm suc:m:ssfully  Ic]urlc;hc!ci  c)rl
Septc:rr-lbw  ?{,, 1997  CIrICi  will  cltlive  CII Mclrs  c>r] August  24, 19$’3.  At
Mews, Ilw spc~c:oc:rclfl  will siucjy tt~c, f.,lclncf’s  sur~c]c:c;,  c]trncxf)hc:rc,
cIIIc~ grc~vitcdicmcd  clrlci rnclgtlejic:  fielcis,  Irl c)rciw  ic) c]c:l lievc thcm
sc:ic>niific  cd:>jeciivc:s,  MO w i l l  kw [dc~c:cci  irl CI 2 [’M (cicmerlciirlg
rlc~cic)  sur-hsyrlc:hrcmcm  cjrt.~it. llpc~rl c]rrivc~l  cIi Mcm, t]c)wcvc!r,  itlc>
lcx~gilucic  c>f it-lc:  cic:scmrlclirlg  r lc)cic!  will t m c]p)~.>rc>xirl-lc]tc:ly  1 5 “
grecllc:r  It-lclrr it w ciosirc>ci  vc~luc. ltw t>cmlirw plc~rl  recluires CI 59
clcIy  “wc~iiirlg” pc!ric)ci  for i t  w c:cm ccl scdclr  cxic:rlic~iic)f  I Ic) c)c:c:uf.
Durirlg t h i s  pcric~ci,  Xi dcIys  c]rc: rec]uirecj  fc~r scierliific
exf.>erirl-lc:rllc~iic)rl  but Itw rc:rric]irlirl{] 3[).4 cicIys  pc)ierliic]liy  c:cwlci  t.w
dirniric~ic:ci.  1  tic: sirc~iegy  cWClc)pc:ci  irl It Iis siucjy c:xartjirmci the
pcnsibiliiy  c)f  ~Jsirlg  c~rly  “CXC:CS”  AV c~vc~ilc~t.)lo CII Mclrs cjrlivc]l Ic>
rc)lc~te  itw rlc>cic  Iir-w ic) flhc:  cbirec~  vcIluc3  c~r-rci  Ihus CIIIC)W rnclppirl{]
tc> bc!girl  mrlic!r.  A prelirnirlc~r’y  cmc~lysis  c:cmpleteci  [)ricm  ICJ Iclunc:h
is  ckscritmd  tt-lczt  exarnirwd  ltw erltire Iclurlc:h  pc:ric>cj ir)clucjirlg  tllo
rec]uireci  A V  Ic) pcv[c)rrn  II w r-wecic!ci  rmcicd rc)ic]iicm. A r nc>ro
ciclaileci  siuciy perforfncci  ofiw  lc~urlc:t-r  is cIlscJ  surnrnc~rizc!ci.

iNIRCIDUCHiON

‘] ‘]IC h4aI”s  ~]l)SC.I”VCl’  (h40)  S])MXTJ afl WtiS sucmsrld]~  lau]]dd 0 1 1
SC] Itcml)c.I  ?5, 1992 almm  d a ‘1’I[aII  11 [/1’OS lauIdI vcl]iclc  iiIId will arrive at h4tirs 011
Au~,llst 24, ] ~~~. At  h4nls,  t]Ie  S]12KXTJfif[  \vill  Stlldy  t]]c ])]al)c.t’s  SUlfWC.,  i3tllK)S]I])C1’C,  RI)(]

p, I avitntional and nlap,nc[  ic f]dds,  I II I  0 1  dcr to adlicvc.  II IC.SC.  sc.icmtific  ol)~cd  ivc.s, h40
will lm p]acxxi in a nc.al  -cjm]lar  ?  l’h4 (dcwxmdill~, IIodc) SLIII-SyIlClII(~IIOIlS  mbit,
1 IOWCVC.1,,  ulm arlival a[ h4m, ttIC IIOdC.  lirlc o f  flIC illi[ial orbjl  abmt A4aTs will bC
aj)l)] oximatcly 1 So cast of tlIc. hi] c.(1 ]msi(io)l, ‘J’hc. l)asclinc 1)1211 rcqtlilc.s a S9 c l a y
“waitilif,  ” pc.]iod for the. corrc.cl  so]al m icl]ttitioll  to occur  wlli]c tl Ie s]mcw  aft “dlif(s” in

* Assisfc)td F’rofcsmr, Ac:ros[xxc [ t){irwc:rirlg [)q,t., Sc]rl .10s(! Sld(! Ur]iv(:rsity, C)l)(!
Wc]slflrlglc)r)  Squmc, ScIt I Jc)se,  C:A 9S1S’?-01 [W.

“1 M(:rllkx>r of ttw lcc:tlrlicm stclff, Jet f ‘IC)F wtsior] Lcd K)rc]fory, C:c]lifcm]io If )stit~lic: of
lc;ct  ltldogy, 4W0 C)cIk C;rov(, [)rivc:, F’mo(k:t  m CX $’1 I (W.
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aII ell iptical orl)jt tllal js ncmly  flxcd will)  ICSI)C.C.[  tc) incr(ial s])acc..  1 XIIinp,  this ])cuiod
28 days fiLrc requited fol- scientific cxj)u jlmltatioll but tlIc rcliiaitiinp,  30.6 d a y s
Jwtcll(ia]]y could  bc cJi~i]inatc(J, ‘J’IIc st ralcp,y dc.vcloJxxl  in ll)is study, lcfcl I cd to a s
“J)owcl’-ill”, cxamilied  tlIc J)ossil)ility of usillj’,  any “cxccss” AV ca])al)ility  a\’ailablc  a t

hlam all-ival to mtatc  tlIe node.  lillc to tlIc dc.silcd valm  and [}IUS allow l]]a]q~i]t~  10 Iq,i]]
CVII Jic.].  A II c.mlic.r  staI [ to lna])J)in~,  I)cfom tlIc dust scascmi  l)c.p,ins  IIOt (wily ilimc.asm the.
science  lcturIi f r o m  thct lnissim  lIut a l s o  Jm)vidcs lnorc.  tilne. to CI I SL1l’C  sucxcssfuJ
s]).w.cx3 afl dc.])]oymc.IIt in[o IIIc. ma])j)ill~,  COllfl/,111  alien bc.fol’c  soJar  COl)j  Ulldioll, ‘J ‘1 le.
lnail~  ~,oal of tl]is study was to dcvc. Jo]) a Juc.lin)inaI y IIodc,-sl)if(  stI atcg,y col]sistc.ilt  with
[lIC l)asc]i~ic orbj( insu(imi  dcsifqt aIKl to idct)tify  !IIC AV  J’quim]iw]ts  10 ])c.IfoIJII  the.
IIodc. Jillc.  rotation. A ])lc.lilnilial  y analysis coII~])lcIcd J)rior to laullcJ~ is dcscI ibcd tlIat
cxtimimxl tlIc c.litilc.  lau]icJ)  J) C.] id aIId provides [IK m]uircd  A V to ])CI foI }11 (lIC Iicdc(l
nodal rotation for cad) J)ossiMc. al I ival date at IVlals. A r-me dc.t ai]cd stud y ]ICI fm II”ICCi
af[c.r laud) i s  a l s o  sumlnarj~fxl  that a(ldmscs  tlIc opmational  Collsi(lc.latic)  lis  o f
il)tj)lcmc~)tin~  the J)owcr-iji o])tion  co)jc.sJ)ol)(lill/,”  to IJIC aclual  Jau IIcl I date.

BASELINE ORBI1 INSEI{TIC)N  DISIC;N

‘J’IIc I)mclilic oll)il insc.r[ioll  s[ratq,y  i n v o l v e s  a  series of sc.vc.1)  lnat~cmvcm
c.xcc.utcd  over a I)cJiod  of  ap])roxitnatc. Jy three and a  h a l f  lnonths  to maneuver  tlIc.
s])acmraf[ from its initial caJdulc  o]l)jt  will] a daysidc,  dcsccIIdiII~  IK)dc ncal 5 l’h4 lord
I)NMII soJar time. to tllc.  dcxircd 2 l’h4 li~appil~:,  01 bit soJar oriclltat  ion. 1 ‘i f,. 1 iJlustratc.s  tlIc.



diffcrc.nce.  in solar ?,cxJIIIct Iy lm(wc.cm the alq)roacl I lIy]mbola and tlIc dcsird lnajq)il]?,
oll)i[  orimitatioli. OIIC o f  t h e  ]Iri]]]ary p,uidclilms  ia tlIc dc.sif,tl  of tllc basdinc  orl)it
insc] [io]] sh a(cp,y was to lninimim tlIc. ]mqnllsivc  lc(lllilc.Illrllts on tllc s])accw aft. Sillcc
rapid Iramition  lo the. ?. l’hfl 01 iclltatiol] could not lm acllicwcxl  without  inm lmratil]~,  a
substantial out- of-plane. mn]mcn(,  all of tlIc. Imclim orbit inscr[iml mamwm were.
dc.si~,iml  as in-]) lalic mancmvcrs. Wi[l] t})is  s[ratq,y,  transitim
01 ic.n[ation  WOLIICI bc achicwcd  l)y cln]doyinf,  a “wait inr,” paid ill
ap]mar to mow  eastward with respect to tlIc ncar]y imlially  f]xc.d
tllc. orbital ~]mtion of h4am about  tlIc SUII.

‘J’JIc. basc]i]~c.  orbit jl)scr(joli dc.si~n wollld, i f  Llsd, lc.su]t

h40  in t]m II-lapping  cwbi(  i]] early 10 ]nid - 1  ~c.cc.mbcr,  dcpcmdinf,

[0 llIc dcsircxl  s o l a r
wl]ich tlm SUI-I  would
orl~j[ l~odc line due. [0

in tlIc dqI1oyImmt  of
on tlIc actual launc.11

d a t e .2 (1 w the actual launch date. of Scj)tc]nbcr 25, 1 99?, n~a] yilig would  bc~,ill  on
1 lc.cc.mbc.l  1?, 1993.) 1 ‘ip,. 2 displays a time.lim for tlm SCC]UC.IICC  of sc.vcn 01 bit illscl [ion
lnamwvcrs  and liig. 3 shows a skctclI of tlIc inscrlim  scquc.ncc. II] liip,. ?., the abscissa
rcjwc.scnls  tlm dates al whit.]) mancuvm 01 otlmr cwc.IIts occur, wllilc tlIe. ordinate lists [IIC
I anp,e.  of possib]c  launch elates for h40. ‘J’lIc,  dashc,d  horimntal  line cmrc.s~mlIds  10 11)0
actual launch dale.

As shown in l;ip,. 3, tlIc fjrst orl)it  inscr[im  lnanc.uvcl,  labdcd  h~als Ohit
lnscr[ion  (h401),  b r a k e . s  IIIC s])acc.u af[ fI-mN  its IIy]mbo]ic a]qm)acll  i]~to a ca]~turc.
cl]i]m.  This c.lli]m has a lmrid of ‘7?.(1 hews, ladius of ]m.ria])sis  of 39S() kIIl (553 km
altitude), and a ]adius  of apoa]mis  of 79,594 km. ‘Jhc ]naf,llitu(lc of h401 rallf,cs froIn

a]qmmimatc]y  ‘/()() m/s (0 al ound W) 111/s, depending m the lauldl  date.

‘1’hc second  c)]bit inscu [ion IIIaIIc.uvc.1, 1 tlli]m  (Yiatlp,c.  h4alic.uvc.]  -1 (1 \C:h4-  1 ), is
pc.rf(mmi  1 (),S days af[cr h401 and is a small mancmvcr  (appmximatc.]  y tlIrcc. m/s) used
to lovmr ]wriapsis altitude  to 453 klII. 1 L(~h4-  1 is ]mrf’onmd at a]ma])sis.

‘1’JIc Illird orbit illscrlim marmvcr, 1 illi]m  Olalif,c h4ancuvcI-2.  (1 K~h4- 2.), is
pcrf’omwd lmal ]mja]mis 10.5 d a y s  aflcl 1  it~h4-  1 slid 10WCIs  apoa]~sis r a d i u s  to
36,314 km. ‘1’hc ma~nitudc  of this lmncuvcx  is approximatc]y  12.7 rI1/s.  ‘1’hc rc.sultins
orbit has a pcrjod of olic.  day and is nc.al ly fixed with Ics]mt [0 inu  [ial s])acc. due. [0 its
relative] y lar~,c. si~c.  (i.e., the. ]ml[urbatio~]  fo] CC.S fI on] tlIc. p,ravitatio]lal IIal Imulic.s of h4ais
arc. mlativc]y  small). ‘1’his mbit i s  tcrlncd tlm cm-day  “drif[” orbit. ‘J’his Iilnc s]mmt ill
this orbit is 59.() days for tlm actual lauldl  date. of h40.

‘J’IIc fcmr[h maneuver, 1 WN4-3,  is pm foI Incd 14 days pIioI to tllc fif[h lnanc.uvc.r,
‘J’lallsfc,r to 1.OW orl~it-  1 (’1’1 ,0-1). ) K:h4- 3 is USCX1 to correct any c.11  ors ijj llIC od)it al
clcmcnts,  par[icular]y  pcria])sis an(l illclillation. ‘1’10- 1 is ]mfoIIIIed (at ]mriapsis) wlm
tl]c. orbit is close to a 2.:16 l’h4 dcsccxidin~,  liodc orientation and rcducc.s tlm orl)it period
to 4.? 110111’s, ‘J’his  mamxwc.r was (Icxip,nd  to rc]mvc. al)]]loxi]]]atcl~”  half of tlm cmcrp,y
rcquimd  1.0 rcacll the ma]q)in~, mbit and has a map,nitudc.  of 560 m/s. l<c.lllovin~l  tllc.
cmcr?,y  in two ‘1’1 O mall cuvc.1s instead of one. rcdmws tlIc. p, I avity  lossm.



tllc. node. 01 ic.lltalioIl  rcachcs  ?.:()() l’.h4. slid lowers tlm spacxxmfl into the IIla]y)infj  orl)it,
‘J’lIC  llla~liitadc.  of this I} IaIIcuvcI is a])]]~oxill-)atcly  62.6 IIds. Scvc]l  (lays af[cl ‘J’] 02 tllc
filial lIIal Icmu, Od)it OIaIIp,c  h4a11cuvfu  -1 (O(;N4- 1 ), is usd to COI I cd at I y cl I ors it) tlIc
od)it al c.lcm Icmts of tlIc ma]jpjli?,  orl)il,

PRE-lAUINC}{  ANAIYSIS  OF POWEk.lN

}Icforc lalllicll, a study was COII I])lctcxl  [0 dctcd Jllinc how muclI propcllall[  wou]d
bc Iiccdcxl 10 m[ate the line of nodes to advai]ce.  tlIc bc~,il)l)in~,  of [lIc llm]q)ill~,  ])lIasc.
‘1 l)is “pou’cr-iil “ idea was allfilyml usinp,  conic  mbits aIId im])u]sivc Inane.uvc]s (al[l  Iouf:lI
i( is cxpcc[cd Illal future rcfimxl calculations \}’ill  ]MNIUCC.  mu]ts c]osc.  to tlmsc  c.ol II]nltd
i]] this stLII:ly).  Since, of mum, tl]c. adufil  lau]lcl) date. was not known ]jrior to laullcll, tlm
stlldy ildudcd cxtilnination  o f  AV  COS(S tha t  would  bc rc.quircd  to ]KTfOrIII  ]mww-in
?,ivc;i  any of tlm possib]c lauIIclI date.s (ScptcIIlbcI  16 tllroup,ll  Octobcv 13,1 99?).

l’rioI to laud],  h401 aIId 1 l(~h4- 1 WCIC. identified as mfilicmms  [hat could bc
I rmli ficd 1.0 jmc)q)omtc  [IIC ] )OWCI-  il) i(lcm. No II IaIIc.uvm  could bc Mldcxl  to tllc illsc.r[iol~
sc.qmulcc.,  altlmu~,ll  tlm ]ocat iml of 1 i04- 1 could  bc val icd, Recall  that ill tlm basclim
orbit insc.rlion  squc.rice., h401 aIId 1 Kh4- 1 would  bc. ]mforIIMl as itl-]daIlc.  II EITIC.UVCXS,
in ordc.I  10 mtatc tlm Ijodc ]inc., smnc amount  of out-of-  p]anc Inancm’cr cmn]mnc.nt  Ii-lust
bc addc.d  to MO] or 1 X~h4- 1 (OI botlI). 1 lowcvc.r, adding  tl]c.sc. com]micmts would  also
affect tlIc incliliation  of tl)c orbi[ followill?,  lmtl]  h401 aIId 1 K~h4- 1. 1 Ii ol’dcr to ad lic,vc.
the. cm’Jc.ct  mapping  orbit, tlIc imli]ialion followinf,  1 Kl14- 1 must have a specific value,
bctwccm  92.6c’  and W,9C’, dcpcndill~,  cm IIIC time. spc.nt in the drift mbit.  1 ‘or this
])lc.lilnil)ary  analysis  ali avc.la~c  value  of 9 ? , ” / 5 ”  w a s  u s e d , ‘] ’() at(ailj  Illis  \~alLIC  af(Cl

1 X~h4-  1 the incmnin:,  llypcrbo]ic  itdinatim  IJIUSI bc a(ljustc.d, or “biased”, fmln the.
dc.sired ildination  (alt]mup,]]  al) cxcc.])tim) is II OIC(l ]atcu ). A cic.scJ i]dio~l  of tlIc. alf,ol’itllln
Llscd to talc.ulatc. the. incolnin!,  IIy]dm]ic illclil)atioli follows.

~CISiC Alg~tittm]

‘1’lIIIc.c basic inlmts to the al?,m  itlllil  am  used: the cxccss aloount  of A V available
to a])j)ly to pmvc.l- in, tlm AV  “s])li t”, md tlm loc.atiml  (tmc atlomaly) of 1 K~h4-  1. ‘I’l Ic.
AV s]jlit,  fs.)lit, is dcfilic.d SUCII  tl)at a value of 0.(1 mrcspmds  to all cxccss  A V bring
a]ydicd  at lKh4. - ~ whi]c a va]uc of ] .() rc.su]ts ill all C.XCCXS cxpcm(icd  at h40]. ‘J’]Ius a
s]dii of (),,5 would divide the. cx[ta A V c.qual]  y bctwccn h401 and 1 K~h4-  1. (iivc.11  a
lauIIc.11 dtitc,  the cc)lj-cs])oll(lil-lp, all ivfil V ~-, declination, and I if,ht ascuisim at h4ars am
rc.adi]y colnputcd. (Ymmin~, tlm illclil]a(ioll of this a]qwoml hypcu bo]a tl]cm dc[clll]incs
tllc. lolip,itudc< of the asccmdin~j  liodc.  and tlm alg,u]i]c.l]t  of pc]ia])sis. Now the. ]na~,nitudc.
md dire.ction of Ihc h401 mmic.uvc.l  is com])utc.d to ]jmducc.  tlIc required captul  c orbit. III
addition, hmvcvcr,  m c)tlt-of-oll)it-])laI~c”  com]mncnt  is included  in tllc h401 lnanc.uvc.r  to
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rotate IIIC orbjt,  affcctjnp, both the node lilic and tlIc jliclinfitioli. ‘Jlic magtlitu(lc  of the
modifid  h401 maIIcmvc. I is s]mcificxl  as

h401111c,C1  ‘ h4(J11)a$C,  + (Avc.xccss)(fsl,  ]it)~ (1)

wlwre h401111C)C1  js tlIc modified h401  II IanCUVCI-, h4011)aSC, is the baseline h401 IIMIICUVCI
mnputd without power-in, AVcxcc,ss is the c.xcms A V available for USC.  witl] ]mvc.r-jn,

slid fsI)liI  is the. AV s]dit dcfimd  l)lcwjo@’. 1 ‘j~. 4 illustrates tlIc vccto~”  I datj(mslli])s

that define the. baseline. ad tlm ]nodifid  MO] matmmws.  In tlIc fi~urc, V1,Y1, rc]mxmts

tlIc vcldty  of h40 at ]miqmjs  o]i tlw app] each hyperbola ami Veal) k the velocity  of
h40 cm IIIC capt (m ellipse at pcriapsjs after h401 js performed, NoIc. the. limdificd  MO]
mamwvcx is compute.cl smlI that the niafwitudc.  of \7Ca1) is unchanp,ed frcwil  tlIc baseline

dcsi~,ll.

Witl] the calculation of the. morljfid h401 maneuver  cmiqdctc,  tlIc cnbi[al
clclilcmts  of the resulting  capture orbit arc casjly  foulido ‘llm, tlIc ma~,nitudc of Ilm
modificxl 1 Kh4- 1 maneuver is co IIIpIlted  as

w],~,]c,  ] ;(:M- 1 ,,,[)(1 is IIIC. modjfid  1 K;h4- 1 n~amwvo  and 1 iCh4-  1 ~,asc, is tlm basdiac,

1 i(:h4- 1 li]ammvcu  com]mtcd witlml ]mwc.r-jll. As with the lnodificd  h401 lnancuvcr,
IIIC. remainder of the. mcc.ss A V is cx]mdcd  to fur[lmr rotate tllc. node. lim An out-of-
p]anr. compmcnl  is a(kkxl SUCII that t}m mo(ljfic(l  1 iCh4- 1 malic.uve.r rotates [lK node. ]inc
as wdl as lowcrinp, pcri apsis as rc.qujrcxl.

‘J’llc orbital dcmcnts  following c.xcmticm of tllc modificxl lK;h4-1  lnalicuvcr  arc
IIOW easily found. ‘1’llc,sel)~i-ll~ajc)laxis  all(l  cxx:cwti-icity  m’clccolls[laillc(l  10 lilatch tllc
]mst-1i(;h4-1 basclim  v a l u e s  s o  IIIat tlic calculation  of tlm limljficd  li(;h4-1 wou]d
]MSCIVC  the  pcriapsis  altjtudc  follmvili~  li(~h4-1. ‘J’lIc inclination, however, was not
spccjfically targctcxl, Iii ~cmc.ral,  tlIc. inclinatjoll  follo\\’il~p,l\C~h4-1”  will differ froln t h e



ilIc.lilIat  iol) lwforc MO]. “J’ljis I cq[lilc.s I]Ic, itlclilla[ion of’ tllc hypcrlm]ic a])]>roacl] [O {)c,
a(ljllstc(l  01’ “biasd”. ‘1’IIc. (Ic.tc.llllil)atic)ll  of [lIc. IIyjxubolic inclina[iwl  is accon)])lisld  by
usc of an itcra(ivc  procms. A sim]dc Nc.w[m Incthd itcmles on [IN value of a first
“f,llcss”  d lIIC hy]mbolic  illclillatioll until [Ilc cwmd ]ms[-] 1(X4- 1 inclination  js ob[aincd,
OIIc.c tlm itcraticm is COIII])IC.IC,  tlIc. lmt-lK14-  1 jllclination  \vjll  cxpal  tllc dr.sjrc.d  value of
9? .” /5”  al Id lIIC Jcsulljng  longiladc of tlIc ascclidin~,  node. followjns,  1 i(34- 1 can 1X
cvalilatcd  [0 dctcr]nillc. tlIc nodal lotation  acllicvcd.

Results cJPre-lgungll.  Anqlysls

Asc)iltljl~c(l  jI~tllc.  ]]Ic\~i()tlssc  cti()l~,~,  i\~c~~al) cxccssAJ~a  l~]o~lllt,a A\~ s]dj[,al)cl
a true anolna]y  for IWN4-1,  tlIc. rcslllting  nodal rotation can bc found. ‘J’o make the
nul)wical  output  lnorccasi]y  uIIdcrslood, tlIc. all~oullt  of nodal rolatioli  was CO IIVCJIU1  10
an equivalent “rcducticm in drjf[ time”. (lWGI1l tl]at  followinr, 1 iCh4-2, h40 “drifk”  in a
one-day orbit  untj] tlIc cmrrcd node. olicmtalion is rcacllcd,) ‘J’his  rcdudion  in drifl tilnc.
IC.J)l”C.SCIIIS  llIc ]mtcr]tial advaIIcc in tlIc. lnappin~,  schc.du]c provided  by  powc.1’-ili.  ‘J’IIc
J“CdUCfiOJ)  i]] drif[ t ime is (a]~j)l’c)xii)”}atc])~)  tlIc chansc ill t}Ic. ascc.nding Iiodc.  djvidccl  by
t]Ic. avcl’a~c  al’Ip,u]aJ’ratcof  h4ars’  moti(~]i  abm[ tlIcSuII ((). S?.4” ])cI” day). Also, ill ordcJ
{0 plodmm  JCWMS that cat] hr. lncallin~:ful]y  cva]uatcd, soIIm opclational  cw)sllaints f o r
t]lc. h4~)jlllissioll \\’cl’cfi l’slco I”lsj(icIcd.  lril’st, t]lctl’Llca  llolllalyc)  f}l(:h4-] wascmstlainccl
lo]icbctwc.cm 6()0 all(l?.qOO iliol"(]c.l'  t()kcc]")l  ]lcill-j')]allccc)  lll])()llcIl[of  ]\(:h 4-] sma]]  and
to allow :fcw cffixliw nodal mlatiw). Anotlm constraint involves the. l~~a~lictc)l)~c.tcr
a~”K)al’(1  the sJ>ac!c.craft  for which ex])r.I’iIIIclltcI”s  lcqujrc.  that h40 remain in the om.-day
drif[ orbit for at lc.ast ?.8 days. ‘J’]lcl’csll]ts j)l”c.sclltccl ]lcl”cf oJ’tllc.JJ l’c.-]alllic.]l  sllldywcm
calculated to leave. cxac(Jy 2.8 days ill tlIc one-day mbit.

llsil~~,  [Im algcwithm  ]Mc.scntcd in tlIc. previous  smtjon, each date of the Jaunch
]mriod was cxan~incct to de.lc.mine the. A V lc(](lilclljcllts fo] ill~]dcmcmting  tlm ]mwc.r-ili
stratc.p,y.  1 kM a ])ar(iculal launc]l date. and C.XCCSS  A V amount, rc.ductions ili drifl days
(i.e., tJPG  IICXIC rotatimi)  WCJC  calcuJatcd  for a ran~,c of 1 iCh4- 1 tmc anomalies and AV
s~)ljts. ‘J’hcsc results arc readily illtcqwctc.d  if dis]daycd  on a contour  ]dot, 1 ;j~,.  5 shows
an cxamp]c of SUC]l a ~~]it~)ur  plot for t}m actual launch date. of sc.])tc]l~bc.r  25, ] 992.. “J’hc.
abscissa of the. f]g,urc. SIIOWS  tllc. A V sjdit and the ordinate mprcscmts IIIe. true anomaly of
1 Kh4- 1, 1 ~acll contour sJImvs the reduction  ili numt)c.r of drift days, Note. that [IIC
location on the p]ot that corrcsjmnds  to tllc. maximum drift day rcductjon  is d)vious.  II)
this case, ii tJm anomaly of J 75° and a AV s])ljt of ().03 rcmlJts in tlm n~axi~~lum  drift day
l’c(luct  joJ1. ‘] ’]Ius at tlm O])tjl]la]  collditjoIl !)”/ J)c.lcmt of t]lc cxccss AV  iS a]qdicd  a t
1 K:h4- 1 a~ld only 3 pcmmt  at h401. It is illtcrcstjng  [o note that fm all possjl)]c. lauIKII
dates the optitija]  conditions arc. vc.ry similar, with {IIc. A V spljt varyin:,  bctwccn  ().() and
0.09 and tltm 1 KM -1 location varyin:,  Iwtwcc.11 1 ‘/SC’ and 1 ‘77”.

Givcm a laud)  date. (and thus al] all ival date), the IIUII-IIWJ  of dcsircxl dI if[ days is
kllo\vll, “1’IIc  algoritll]l~  ca]l lm itc.rativc]y run utlti]  llIc. lnaxilnum  lc.cluction of drifl days
IMcJm the dc.sire.d numbc.r. ]n thiS Inalllm’,  t h e  Jcx]llil’cd Inillillluln A V  Cali bc
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idcmtificd,  1 jig. s was computed in this mal]mr, aTi(l it was found tlm( a AV C. XCCSS  of
‘/ I.0 m/s is rccjuircxl  to achicwc IIIC dcsilcxl  node  mtaticm.

1 ‘ig,. 6 is shown in a format idcm[ical  to 1 ‘ig. 5 but itistcad dis]~lays  ccmtours of the
rc.clllil  CA (biasd) hy]mrbolic  illclillat  ire]. Recall  tl}at tlm baseline (noli-biased) lly}mrbolic
inclination usd in tl]c analysis was 92..”/5°, At the. optimal ]mint on the. Ijlot tlm rcquit  cd
biased inclination wlu.m il)]]~lcJllcl~til]g  ]nwcr-ia  is 86.1 C’. Sincc]jig.  6 indicates tl]at a
contour cclllc<s]lc)l~(lillf,  to 9?.75” exists, tlm ]mlfollnin~, ]mvcr-il)  al some }mint  along,
tlliscolltotllm  '()111(11  cc]tlitcllc)l )iasill~oftl] clly]>c  ll)cllica]J])lc)  acl], (lfcotllsc,tllis\\’otll(l
not correspond tothcoJ~ti]nal  locatiol]  and \vmlld  require. additional AV toclilninatc  all
of tlm desired drift {iays, ‘J’l]cncxt scctic)ll  a(l(l]csscstll  isiss Llcilll l-lolc.clcta  il.

IIoth lii~,s.  5 and 6 IIavc rcp,ions WIICJC no contours arc ]dottcd.  ‘1’hc.sc. rc.p,ions
occur nc.ar higlm values of’ the. A V s])lit and near larger or small c.] \’alucs of 1 KM- 1 tmc.
anomaly. In these regions, the I c.qui] cd ma~,nitudc. of 1 KM- ] to just lower ~miapsis  (and
not ])crfom any Dodc, rotation) lmcoli~c,s  lalgc.r than the. AV allot.atcd to 1 KN4- 1 by the.
itl])ut valm of tlm AV split. ‘1’1]1]s  these. rc~ions  am “cxludd”  arc.as for t] IC prow- i II
stratcp,y.

As an example,,  the ]mwc.r-irl  scqucmc. cc)llcs~~ol~(lil~~,  to the locatim  on 1 ~ig.  S of
the maximum node lim mtaticm is sulllTnari7d. ‘Iiablc  1 shows tlm orbital clunmlts of
tl)c. s]jaccmaf[’s  orbit prior to and after I IN h401 and 1 KM- 1 mane.uvcrs. in this cxamp]c,
h401 ma~,nitudc  is 718.37 nds and 1 K~h4- 1 mag,nitudc, is ‘/ 1.57 Ids, c.o]nparc,cl  to base.lilic,
value.s of71 6.?4 m/sand 2.’/ m/s.



POWER-IN SUMMARY FOR 9/25/1 992 lAUNCH  DATE

Qrbilc]l E Ierncmi’ []roMCJl -F’cx.I-MC)I -F’re-ECM-l -Post-E CM- 1

Serni-Mc2jor  Axis (ire) -7139.7 4 17??s) 4 17m.o 41721.5
Ecccmiticity 1,5533 0.9054 0,9054 0.9077
Inclinalicm  (deg) 86.07 86.36 86.34 9?,75
Argument of pcxicjpsis  (cieg)  115.91 115,95 115,95 116.01
lcmgiiuck  of
c~sc:cmlciing  nc]cie  (chg) -1OHK’ -106.48 -106.48 -113.0
lrw oncmmly  (ckg) 0.0 0.0 175.0 175.07

“Mars Centered,  Mcms rmmn ec~uc]ior  c~rlci  ec~uc~lc>r  crossing vcctcx  c>f J?OOO  (lAU)

] ‘i& “/ s]KWS the AV  l“C@)’C.d to ]’KH’fOl’111 ]K~\VCI’- ill aS a flllXtiOll of ]RUIIC]I (hi>’

numbw,  assuming that tlm optima] condition is used. A second,  dashed line is includcxl
that shows the cwpcctcxl  AV cxccss  available that was calculatcxl  ]mior to launch  within  a
99 pcmmt  mlainty. ‘1’lw figwc indicates that, by ]m-laulicll  cstilnatcs,  sufficient cxccss
A V would  bc avail al)lc to ]mfol  m po\vcr-in  for any laut~cll  date cxccpt for the last fcw
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days of t’lm launch  period. (1’hc Iwncfits of ]jowm-in am not as g,rc.at  toward the cnd of
(I]c launch  paid since Ihc tinm sprint in tlm drif[ mbit appmac.hcs  the ?8 day minimum
col)st  jai nt. ‘1 lius power-i n might not 1 lavc been c.onsjdcrcd  in tl Ic.sc cam cvmi  if cmou@l
C.XCC.SSA  V cxis[cd.)

POST-lAUNCH  ANAIYSIS  Of POWER-IN

Vijth lIIC succcssfu] lalmch of h(loml Sc])tc]nbCr  ?.5, 1992.,  attclition  mturnc.d lo
Ihc. rpcstion  ofpowcl-in  fol<tlics ]lccificallival  cmditionsat  h481scc)llcs]lo11(  lillp,totllc
actual  launcl]  date. Aftcrtlmfirst of fc)~llil~tcl}~lal~ctal’)’  ‘1’rajcdoly (kmcc.tim  Maneuvers
(’JiC~h4s)  was pcrfcmncd,  it was cstili]atcd  that significant spacecraft A\~ ca])ability
(alpmimatcly  134 ]ids) woi~](l l)cai’ailal~lc.(  )~’cl and al)()\’c tl~cl~asc.lit~c.I  l~issio~l  A V
lc(]llilcll]cllts.  Since. the pm-launch allalysjs  had  sl)own  that  this amount  would  sufficw
fmpowm-in,a  wmkiflgp,mup  was fonncd tc)clctcllllillca]  }alliclllal])(~  \vcl--ill stratc~y.
“1’hc s c o p e  of the wmkin~  F,rcm])’s  task cx]xmdc.d fmm purely  a A V  ])c.lfc)lll~al~cc
pcmpc.ctive  to include  a lccc)llsi(lc.l:ttic)li  of  tlm clitirc. orbit insc.r[im plmsc f r o m  an
opcraticmal  point of view as well.

‘11’IIc pmlaum.h  a n a l y s i s  had shmvll that in all  cases  the op[ililal  Iilctho(l  f o r
]~clf()ljj~it~p,or~  )itrotati()l~\va  stc)a]j I)l~'t~c  all~'allc  ]ftl~ccxccss  AVa\~ailal>lc f[)l]~owc.1-il~
at IWM-1. ‘J’his  a]”lpl”odl mmsponds  loa AV  Sp]il l’alllc.  l]c.al” ().(). ]t was also found
tllalasli~l~tl]~  l~~o[lific.d  a]~])j()acl]i  l~\t~llicl~:  ill()f( l]ca\'ailal)lc  AV isapplicdat  li(;h4-1
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(AV s])lit : 0.()) costs only 1 to 2 nds llmm tl]an the o]dilnulll. “J’hus 10 simplify both the
analysis and opmdims for power-in, a dccisicm w a s  made, [0 pltir~ 10 do all [Ilc. orbit
rotation  at }iOd- 1 and to continue. to plan h401 as an “in-] ~lanc” matmvcr.  ‘J’l]is decision
cmal)lcxl  ncw ways (o look at the. pmblcm. instead of plot[ing,  days duced in the drift
orbjl or incomins,  jmdination  as a function of true anomaly of 1 i(:h4- 1 and pcmnta~,c. of
l])amx~vcr  done at 1 X~h4-  1 (for solnc fixcxl C,XCCSS  A V cost, so]vinp,  fm inmninp,
incliaalion),  onc could now ])101 the nunlbc.1  of days mduccxl  in the drif[ mbit (m]ativc.  to
the baseline mbit inscr[ion stl a~cg,y)  m a func[io]l of total A V cost and  imon]in~,
inclination  (so] vinp, for true amnal y of 1 KIh4- 1). SUCII a plo( is sllmwi  in 1 ‘ig. 8.

A~ain  fm opcmtional  masons, a col]straint  was c.lnphasizd  Ihat a minimuln  of ten
days was mquimd  bctwcxm mancuvm. ‘J’l)is ld 10 a cllan~,c ill lhc way tha[ the drifl
lcductioa was accounted for, so that “the. nun IbcJ of days in the drifl orbit” bccamc “the
number of days lmtwcm h401 and “I’1 01”. ‘1’his c.hant,c OCCUIIC.(1  because it bccalnc
a]q)amnt that the. 1Kh4-1 and 1i(:h4-2.clatcsco~ll(l  vary WIN] tl]ctlllcal~olj~alyof”  lKh4-1
chanp,d.  If [l~ctlllca  l~ol-llalyof  li{;h4-l  islet;’cl]o~lp,l),tl]c,l~ fc)~ll-arl(l-a-flactic)l)  mbits is
rcquimd Fdwccm MOl and lK:h4-1 ilis[cad of tllrc.c.-al~(l-  a-flactic)l~  olhits  to meet IIN ten
day constraint. ‘J’l)tls tl~cc.xcc~ltic)  I~c)fljc)tll  liCIh4-l  aT~(lli(;h4-2. \\~c)~ll(l  t>c. (lc.layc(l  ]c.lati\~c.
to tllc. basclim,  by one. orbil period  ill the.msc.of IKM-?.,  wtlic.li wou]d IC.CILICC.  (1IC  tilnc
in ttlcdrift  mbit without l]lakillg llla])]~illg  stallal]ycalliclo

Aftm cmsidc.mtion  of tlm tmdcmffs bctwccn  the science ol)@ivc.s ( t o  stall
mapping earlier yet also to do cmlain  l~lcas~l]cl~lcl~ts  in lIIC one-day drift olbit) and the.
operational ccmccms (to allow enough  tililclwtwccm  mancm’cm yet also to inc.mast. the
time.  bclwc.cm  spacecnfl  (Ic])loylilcn[  aiid sdm Colljulic[ion), a filial IIwclific.d orl)it-
insc.r[ion  sc.qucme.  was dcvclo]d. ‘1’lIc. time.  spent in tlm one-c lay  drift orbit after a
nominal }K~h4-2.  date, was SC{ at 33 days (it Ilad bc.cm ?.8 in tlm ]nc.-laulicll  aiialysis),  or
mom ]mxi se.] y ‘1’1 01 was set to be. 54 days aftm h4 01. ‘Jim 1 iC~h4-3 mane.uvcx was sd
10 bc 10 days bcfom ‘J’l .()-1 instead of 14 days, the time bctwccm ‘1’1 .0-1 atlcl ‘1’1 ,0-2. was
incmascd  fmm 10 10 11 days, al]cl tlm time t)ctwcc.11  ‘J$l .0-2 and 0(:h4-  1 was incxasc.d
from “/ to 1 J days. On this schedule (slmwn in 1 ‘is. 9 ) ,  mappins bcg,ins m
NovcInbcJr  2.2, 1993, instead  of 1 lc.cxmlbcr 1?, 1993, for Illc baseline  (Iio power-in) orbit
illscr[ion scqucmc,,  cc)ll-c.s]joli(iiI~g  to a 26 day lc.duct  ion in the time. f] om h401 to ‘J’] O 1.

‘1’wo can(ii(latc.  dcsi~,ns for ~mwcr-in  were. idcntificxl  (they am lal>cJcd  CAS1 i A
and CASti 13 on IOg. 8) wliich  li~cct  all the. c o n d i t i o n s  discussd above,  (:asc A
ilnplcm~cmts  powc.]”- ill without biasinp, the, lly])cdmlic  inclination. As mc.ntioncxl  callic.  r,
t 1 Iis approach would  mluire.  n ~om A  \T, but d o e s  JIO[ mquim any chall~,c  to the
il)te.rplanctary  tmjcctory dcsi~n.  Onc advantage. to Il]is is tl)at the decision to do power- in
cfili be, dcfm ccl until h401 has OCCU]” ICC1 and its pc.rforlnalicc  is known. “1’lIc (:asc A
dc.si~n rcquim that 1 K~h4- 1 be. pcrfornled at a [NC atiolnal y of about 1 S6”, wlme. 96 m/s
is mquim:l  to diminatc  26 (lays in the onc-d:iy  drif[ orbil as dcsid, [:asc 11, which is
nc.ally  optima] from a AV point of view, is done. at a (IL1C ano]naly  of 17flC) at a cost of
S9 mls. ‘1’his dmjp,n,  howcvcI,  (toes  mquim ]nodification of ‘J’Ch4-3  to acl]icm  [he biased
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jl]djll~(;ol)  i?[ MW’S  W’J’;  Vd. A t  [Ilis da[c.,  I IN h4fi1s  (lbscmr pr[)jcct  lm appl ovcd
povm-  in, and lI:is newly cmnl)lc.tcd its c.vtiluatiml of (2NCS A and 1{.

As Jmsl-launch analysis con[ini]cd o])c.rational  considerations bcaunc.  more.
focllscxl o]l contingc.ncy  plans,  and this lcd 10 anoti~c] ])m]mscd cllallf,c  froln tl)c basc]inc.
mbit insc.r[ion. If an anomaly occul rcd bc[wc.c.11  ‘1’101 and ‘J’] ,0-?. wllic]) mquircd
dc.layin~,  ‘J’] .0-? by ]nom tl]an about a week, [I)c.n [IIc. cost of addil~p,  an out- of-] dallc
c.omponcnt  to ‘1’1 .0-2. to IIlovc tllc ndc bad 10 its nominal position would  bc c.xcc.ssivc..
‘J() al]ow 1)101’C ~illK jl) thC.  C.VC.llf  of sdl all OCC1ll’J’C.I)CC  j[ Was ])1’()])()d  that  (~lC I)()]l)jl)a]

]i[)(lc. position would  l)c at ?.:0S l’h4 local ]ncmi so]al tilnc instead of 2:(K) l’h4. Wolk  is
continuill,?,  [o vdfy thal ?.:08  }’h4 dcsccmling node. oric.a(ation is acccp[ab]c 10 b o t h
s])accxrafll cngincc.rs al)d the. scjc.l)cc  colnmuliity.

Ano[hcr chan~c  was ]mposc.d  basal J~arlly  on AV cmsidcraticms  and parlly  cm
o])cl”aticmd  cxmsiclcrations. Since tllc. initial mbit pcrid at Mars clcpcmls  OII the accuracy
of the h4(>l c.xcmtion  it can vary by a fc.w hours. (kmbincd  with the. possible sclcdion
of all anoma]y  otlmr than 180” for } i(~h4- 1 execution, tljis inmasccl the probability of an
extra orbit bcin~ nccdcrl  to satisfy the constraint of IIaving tcm days bctwc.cm maneuvers.
It tumcd out that by planning on a ]onf,c.r initial orbit wc could rcducc tllc variance in tlm
cxpccte.d 1 K:h4-2. elate as WC.11 as JCXIUCC  [he. si~c.  c)f tlIc. 1 Kh4- 1 maneuver sli~,lltl  y, so a
7S-]IOUJ ]miocl was c]msc,n  for the. initial capture orbjt instead of the basc]inc.  “/2.-hcJuI
pc.lied. IIoth the node  change and tllc iliitial  ])criod  cl]anp,c  affcctcd tllc cost of ]mvcr-in,
as shown in 1 tig, 10. (;asc A now ((wJRsp(m(ls  to a cost of 75 m/s at a trac. anomaly of
156° and (~asc. 11 Cxmcspcmds  to 49 ds at a true anoli~aly  of 1 “/3”, l~igwc 10 also slmws
t h e  cxmli:nuation  of the  contours into IIighcr-cost, lc)l\~c.l’-clay s-lc(lllctic)ll  lq,iolis  for
ccmtingcncy  plannins.

CONCLUSION

At this time., jt appears that successful illl]]lcl~~c.f~tatio~~  of the power-in  stratcp,y  will result
ili a ?0 (iay a(ivalicc.lncmt o f  tl)c. stal t  of  lnaJq~itl~,. ‘J’llis is dcsirab]c. since solar
colljuncticm  will clismpt the c{)llllll~lllicatioll  link to 1 iarlh fronl 1 ICcc.mbc.r 21, 1 9 9 3
through  .lanuary 3, 1994 and the dust storjil scascm at h4ars bc+,ins  just after this time
]miod  and could advc.rsc.] y  affect ma~q)ing. in addition, tlm 20 day advanccmcmt
pmvidcs mom time to complc.tc dcjdoymcnt  of tllc space.claft into the  mapping
con fi~ura[ion  ])1 ior 10 solar cx)lljunction. Work cmtinucs  to rc.fine the stratcp,y  and to
dCtC1’IlljI)C  thC IIK)St C. ffCCti VC jl)l])]C1l-JCJltat  jOl)  Of ]KJWC.1”-jll.
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